
���������
	����
���������������
������������ �!#"%$&�
"����
"���'($&�
)�������*������#"
+ ,.-0/21�3&45-0/7698 : ,<; 4=1>/@?�1BADCE,�FHGJI K 40I&45-=IL/JM K 4�N745C#/JOP; 4�6JI

QSRUTWV�XZYBV.[]\E^`_
acb>d�egf�h7ikj�d�lSenmob>p.qre�qrs�qtj�u2vBbwe�xyj�d�p�e�qrz{h}|�~L��egf�����h

YBRUV<��[]�����0�=�y�����W��XZ���>���

�������`�������

�L���  (��¡¢�¤£��¢¥§¦©¨ª��¥§¦�«`��¬.����¡L­<��®���«�£���¯`�°�
��®���±�£�² ����±�³´�¤µ`¯·¶�¸�¸#¹



���������
	����
���������������
������������ �!#"%$&�
"����
"���'($&�
)�������*������#"
º » 3BI /@? º G » M » -cIL45M(3

: ,<; /¼InGS½ º MB458¾/ ¿�À ÁÃÂ 3W4�6Ä,#/JM Å>Æ » MÇN » MW8 6È4=ÉÊI ½74 » MÌË
Í /JÎÏ45M�I ÁÐ-cG9MB/7C<C : G¾4Ñ/JMÇ½ F7M » 8 3kInÒ98¾4�6JI Åw+ GS½Ð3Ì,.-03ÌÓÔÓJÕSË
ÁÈG9MB4�½ » 3 Ö » GJI × º ÒÄ698¾45M(F7M » 8Ã1ÙØBÒÈ3kIÚØ�/7,<6È458
A¾Ò9ÛÃÒÄ6 : » 6ÐF Ü AÝ¿ Ü C�45-=IÞMB/76Ä,.-03 Ü 6ÐFH,E6È4ß45M
Æ » M(/7C<8 Á » 69894àMB3 Æ 4 » 8âáãÜ AÝ¿ Ü C�45-Ôä K 4�N74�Cªä å Oâä
Æ æHA

çD��TwX èE_Ì��T&éÇ\êè`ë ìÊ�ªèE\<�W\<_W[@í�V.[]\î��é>� ï}ðHñJòóíÐô·�5í�����T õöV.ë�\E\Dï}Y5÷ÔíÈò�ô·�´ø5���k��QÔ[]T&é
ï}õ´�&V#��R�ôU�Ñçù��V#[�ëZìÐ��\î��_Þ��V��úï}QH���Ù���Ù�ªèE\<�Ìô·�=õöV#�&^URûò0��ü&V`��ýWRâï}õ´�&V#��Rþô·���>ë�_WT çù��V�èE[]T
ï}õ´�&V#��R�ôU�&��TWý ÿ []���Ù���7��\Eë ï}õ´�&V#��R�ôU�k��TWý è`ë��>ë�R¾ònXké�é>RUT ��TWýùçD��V#[�����ük[�V<ë�ük�W�]����ë>V
^þ���k\E[]T��êè`_k[]\
	
Æ » M(/7C<8 � ,<CEC I » C.Û /76 IÌGÈ4 45C#45-cIÌMB/76Ä,.-03
� ¿��
C<C I » C<Û /76 InGÈ4 8¾4�N9,<-�4
» 698 » OPOPC<,<- » In,�/76¾35ä � 45MÇ½ ; Ò9-cG » 6 ,<8¾4 » ,<6 8¾4�N74�C�/JOã; 4567I(1
� 4���M(4 3kIn,<C<C�� » ,�IÌ,E6ÐF I&/ Î�4 I&/7C<8 � GS½ ,�I � /76���I � /JMkÛ Å�,�I ; » ½
6È/¼IcËcä �û/76ÐF � » ½Ð3 IL/ FS/ãäEä<ä

����� �(��	¢����'¢�§!©�ª���§!��`��������	��E������� ��'"!`�°�
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: GÈ4 Ö » 3Þ,<-03�1 + » FS4 0

Et =  65.03 GeV

132�4.5*687:9<;
=?>A@ BDCFEHG IJ@�CFEHK�L M N O PRQ STLVU GWBX@YB O Z I:@�CFEHK [\BT]_^`IJG
a G_B
[cbedgf hi@j>Rk lRBX@mI�Bnd I�> >Ro?I�BT@ @�CFpqb<o_r
L�C`]sput

Q SvN a IJb<k B C(I >Ro?I�BT@ @�CFpwbco_r x S�y
fnLzU G_BT@jB S�y b\r I{G_B I{bck B
>`h|bc]AI�BT@�CFE}I{b.>R]�~
���.1 �j7"��7��$6������
7"��� �*2���5 7"���<7"��2�� �$6"�*1,7�68��2����$� �$5 �&�(���*�,9$�.�.�
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: GÈ4 Ö » 3Þ,<-03�1 + » FS4 �

Event : 676327  Run : 200755  EventType : DATA | Unpresc: 32,33,34,4,37,6,46,15,19,53,23,55,24,57,26,27,60,29,62 Presc: 33,4,6,46,15,24,57,26,27,29,62

132�4.5*687��*;
� �j� a rJb�pWB�f lsb\B}U >`h I{G_B r{C`k B B�lRB
]AID~ � >FI�B I{G_B k b\rj�
@YBXE�>R]_r�IJ@�o EnI�BTp I:@�CFEHK¡r bc] I{G b.r¢lsb.B�U a ]_> rJ[\>RosEnG psB�I�BTE}I�>A@£�¥¤§¦
[<C©¨RBT@Yr >`h«ª ¬ ­ L ® >A@ ¯ rJbc[<b�E�>R]gf}~

���.1 �j7"��7��$6������
7"��� �*2���5 7"���<7"��2�� �$6"�*1,7�68��2����$� �$5 �&�(���*�,9$�.�.�
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: G¾4 Ö » 3Ì,.-03(1 ¿�8¾4�6JIn,�?°½9,<6ÐF O » M�In,.-àC�4ß3 ÎJ½ ; 4 » 3ÌÒ9M&,<6ÈF

N74�C�/Ê-à,�I�½ » 698 ; /7; 4567IÌÒÄ; ä

¿�8¾4�6JIÌ,�?î½9,E6ÐF O » M�In,.-àC�4ß3 Î7½ ; 4 » 3ÌÒ9M&,<6ÈF N74�C�/Ê-à,�I�½ » 698 ; /7; 4�6{1
InÒÄ; ä

+ » M�IÌ,<-ßC#4 ; » 3&3&4ß3
° ± °³² ´µ²§²§²JÕW0 À 4�� ��¶ · °*0©²JÕÈä�¸ À 4�� ��¹«º °
0ßÓ§»9ä½¼ À 4�� � ¾ º °¢¿¡»ÔÓ9ä�¸ À 4�� �(À °«»ÔÓ§Á9ä
Ó À 4�� �

Ö » 3Ì,.- ÁÐOÏ45-à, » CÚÍ 45C » IÌ,�N9,�I�½ ,E6 Æ Ü + ÒP6Ä,�IL3 Å�4�C�45-=IÞM&,.- » C 4�6ÐFH, 1
6È4ß45M(3 ,<6 IÌGÈ4 » Ò98P,�4�69-04 Ë

/JMWÛ ,E6 6È3&45- » 698 ?U4ß40I ÂÄÃ -DÂ 0`°
Å Æ ÇÉÈ¡Ê �YË Æ 0

0 Ì Å Í
�vÎ Í Â À Í Ï Ð Í � Å�0�Ë

G » I¢� 4 6È4ß458 ,�3 À Â Å Ë Ð ä ÁÃ/7C�N74 ?U/JMÚ; FH, N74�6 O » 698 Å ä

À 4 » 3ÌÒ9MB4 O ?�M(/7; InGÈ4 -ßÒÄM%N » InÒ9M(4 ,<6 InGÈ4 Ñ¾4�C<8âá » 698 Å Å » 698
GÈ4�69-04 ËÝËD?�M(/7; IÌG¾4 IÌ,E; 4=1�/@?�1�IÞM » 6È3Ì,�I » 6Ä8 C�4�6ÐF@InG /@?êInGÈ4 IÌM » 1
ØÇ45-=IL/JM%½�ä

����� �(��	¢����'¢�§!©�ª���§!��`��������	��E������� ��'"!`�°�
'��������$# �$���&%('�)*!,+$-.-./
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ÁÃ45O » M » IÌ,#/76 � ,�IÌG » 0@ä¤Õ 1�; Í » 8P,<ÒÈ3 ÁÃ/7C#4�6È/7,.8 Å º K AÝË
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Π�p separation

K�p separation

Π�K separation

132&4.5 687}Ò ; ª >R]AI�>Ro @jr >`h Óv�ÔrJb$^¡k C r�BTÕwCF@�C(I{b.>R] hÖ>A@ Õqb.>R]WrTLuK×CØ>R]_r
L
C`]sp Õ @Y>FI�>R]Wr lRBT@Yr:oWr I{G_B IJb<k B @YB©r�>R[<o?I{b.>R] >`h I{G_B ÕgCF@ÙI{b�EX[.B
Ú b$^¡GAI I{bck B >DlRBT@ C Ó`~"ÛD�£k B�I�BT@ ÕwC(I{G hÖ>A@ C pWB�I�BTEnI�>A@ U bÜI{G
ÓÝÕWr�BTE @YBÝr�>R[<o?IJb\>R]�~

���.1 �j7"��7��$6������
7"��� �*2���5 7"���<7"��2�� �$6"�*1,7�68��2����$� �$5 �&�(���*�,9$�.�.�
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å 40IWIÌ,E6ÐF InGÈ4 Á�I » M�I : ,E; 4�°¢Þ�ß¼ä

º /7C<C<,#3Ì,�/76È3 » I InGÈ4 :ù4�N » IÌMB/76 Å�4Jä�Fêä¤Ë G » N74 » 8P,#3BIÌM&,.ÎPÒÊIn,�/76 ,<6
In,<; 4ß3«� ,�InG » 3Ì,�FH; » /@?áà 0@äâ¿ 6¾3W45- Å�0@äâ¿ IÌGÈ/7Ò¾3 » 6Ä8 O93W45-§�g3�Ë=ä
Í » InGÈ45M InG » 6 ; 4 » 3ÌÒ9MB4 IÌGÈ4 3kI » MÇI In,<; 4JáãÞ ß á » I IÌG¾4 /JM&,�FH,E6 á
� 4 ÑÐI InGÈ4 IÌM » -óÛH3 ? MB/7; » 3Ì,E6ÐFHC�4 N745M�I&4=É ?U/JM InGÈ4 Þ ß ä
Â IâOPM(4ß3&4�6JIã� 4 8¾/ InGÄ,�3ã� ,�InG IÌG¾4úIÌM » -óÛÃ,E6ÐF -cG » ; ÎÏ45MÝÅ º ä : Ëcá
� ,�InG » M(4ß3&/7C<ÒÊIn,�/76 /76 InGÈ4 /JMW8¾45M /@? » 6È3&45-Ôä
Â I º K A ° Þ�ß ,#3 -0/JMkMB4�C » IL458 � ,�InG å�æ×ç�è}éêç�ëzì Å>AÈM(/7; IÌGÈ4 6È4��
:DÂ À × Ü À IÌ,E; ,<6ÐF 3(½Ð3kIL4�; ,E6 º K A Å�å /769-cG » MB/ N áîí M&ÒÊIL4=1
C ½7/ N áÐ:D/JÎ » -óÛÈËWË=ä

Z(cm)
-60 -40 -20 0 20 40 60

Z(cm)
-60 -40 -20 0 20 40 60

T
0(

n
s)

-0.5
-0.4
-0.3
-0.2
-0.1

0
0.1
0.2
0.3
0.4
0.5

 -0.045≈p0 
 -0.0044≈p1 
 0.774≈ 2χ

 : ele Em Vs ZνW -> e

���� .�`'��:/<ï
ð:ñóòõôiö�òø÷YöÜùûúüö�ý úÿþ$ù��iý��µö ý��(ùûúÿ÷�ú©ö$ò��¡ý	��
Ôöeö$òøô
�©öÜùêývö��$úÖþ��3÷Yþ<úÿôØöÜòøýHþ.ùûú����óý���� ú��eöÜòøþ�� ý*÷möÜñ��óý��µöÜòõþ�ý*÷����ò öeöÜòõô
���ûùÔñÖöÜñóôÔ÷��øò��óý��
òõ÷µý(òø÷Tú��õ÷eñ��Ùñÿ÷ ÷eò! "�øýØò�#$��ý%� ôÔñ&�('*) úÿ÷+��ý��3ôÔñ,�- £ý�ö.ú.�
���	/ �10324065�748:9<;=038:9,>@?����,032���03AB?C>,5�7"!@/D0E7FAB?CGC5$# �$�,G&%('�)*!,+$-.-./



HI?J83KMLN2F038EK	>,OP;Q?CAB0RLNK�STLU/.GJ?CV	9XWZY[0EWF038EWFK	71Y[0E\�03GJK	],AB03>XW
Ö »_^a`�b � » ½dc7Òfe chgiekjml npo ^ eqlPr

/.?CV	s@7F0qt*ïuwvyx l �{z `�|}b j ~ �{z `�|}b j � ����e `�b j v |�| lP�y� � v eql � � u � ^ � � � ��z
� � u � ^P� c�� � � � � ^ g�c�� ^ jmc��Qe�� v |}� � e ` �	l � eaj�l ^ cd�	l | c `�� chg v
b o}� `�|}� � `�b v ����l | l�� v ��z����}�$��c��[l � l+e[l���eq��� � l������ � � �-���}� � | �F�
x | �{� odl � � j v%� � jmlBo � ��� x   | �   � l � jml �+�   � �"¡ z
¢�lP� � �¤£i� | l
�hg � jml ¥   � ¦§�ml�� �a  � | � �=| � � ���	l v � � j�l�o � � | �F� ���¨� � | �F� x | �{�
odl � � j v%� � jmlBo � ��� x �d� � �   � l � jml �+�   � �   | � l�� v � �k  � | �   | � jml
�+�   �&�¤£ v | � � jml�� �hg � jml ¥   � ¦§�ml�� �k  � | ��� ��� x§  | � � | � j�l©�[l
� � �   �[�ª��l©�P� nfl � � jmlPr v �   � l g���� | �{� �
«[¬	­ ®1¯3°4¯6±�²4³:´<µ=¯3³:´,¶@·C¸�s,¯3°[¹�¯3ºB·C¶,±�²3»@­D¯E²FºB·C¼C±�½ ¬�s,¼J¾%¿6À@»DÁ�Â	Â	Ã



ÄI·J³3ÅMÆN°F¯3³EÅ	¶,ÇPµQ·CºB¯RÆNÅ�ÈTÆU­.¼J·CÉ	´XÊZË[¯EÊF¯3³EÊFÅ	²1Ë[¯EÌ�¯3¼JÅ	Í,ºB¯3¶XÊ
u jml � � ��zÎ� � u v |}� Ï ¦§� v ��z u   r l Ð | � � l

­.·JÉ	s,²F¯_Ñ�Ò Ð � � v � � �Ó� | � �hg v �   � l �hg v � � ��zÎ� � u r � � ���	l �
�ajm�{�   | � � jml � v � | l��   ��r zÎ�����m���   � l �   |}� �{� v%� �	l©g � � g��d��z
�	�{� l � ¥do � jml �¤jmlBÔ��1� | r   ���Î�_zÕ�¤j v |�| l�� ��� v%� l � � jml r ��� �k  z
� v � v | � � l � v |}� � jml �   | � j v%� �Öl | l � � v%� l�� � jml ¥ v � x �hg
� jml � lBÔ   �+l � � � j�l �Îl v � �d� � ��j   �×� u jml v � � � v � � j   � x | l��$�
�hg � jml r � � ���	l   � v �����Î�PØ   r v%� lP��o Ù   | �¤j � �[� � j�l � �$�ml v �1z
��l�� � � v%�a  �   � r ���Îl �  �x l v �k  �Xl � j v | � j   � � l�Ø}���	� � l � � Ô   l��
  r �Ú�   l��P� Ð �	�[� �ajm�{� | v �Îl v |   | �+�dr   | � � v � �k  ���	l r vyx§  | �
� jml��1l | x �{Ô �   �Ûj �   | � jml �   |�� �{� � v |�� � j�l � � v%Ü l�� � ���Zo �hg
� | l ��jm� � �_zIlP�Xl�� � �1� | v |��  M� � �ajm�{� l��   | � jml � � ��� u o��   � v �
� vh  | � � j��{� lBÔdl�� � v �Îl Ý Ù�Þhß � � v%� jml�� � j v | � jml �ar v ���   | � l©��l��
� l��   � � l �   | � jml lP�	l�� � �Î� | �ajm�{� l��©�

«[¬	­ ®1¯3°4¯6±�²4³:´<µ=¯3³:´,¶@·C¸�s,¯3°[¹�¯3ºB·C¶,±�²3»@­D¯E²FºB·C¼C±�½ ¬�s,¼J¾%¿6À@»DÁ�Â	Â	Ã



ÄI·J³3ÅMÆN°F¯3³EÅ	¶,ÇPµQ·CºB¯RÆNÅ�ÈTÆU­.¼J·CÉ	´XÊZË[¯EÊF¯3³EÊFÅ	²1Ë[¯EÌ�¯3¼JÅ	Í,ºB¯3¶XÊ
u � v | �  M� u   r l�� � | � jml Ð | � � l

à | l ���[l�� �+���á�Îl��q�Ö� |}� � � � â�Þ�Þ r   ���Î� | �P£ v ã z   | �¤ä ¥�o ã z
  | ��ä v | � �}å �   ���æä v Ô å � o��   � v � � � v | �  �� �k  r å � � ÜÎ ��á� å �1��� �hç v
| � å � � Ù   | �¤ä Ý Ù | � å �{�¤� Ï Ô å�| x | �{�   | � � ä å �����  ��a  � | �hç
� ä å � å v � v � �a  ��� å v �á�   Ô å � � � å � | �F� ����� å � ä   � �+�dr ��� å � å �Moæè

­.·JÉ	s,²F¯§é�Ò u ä å �   �ª� å �1�   � |   | �k  r   | � � å �a��� �k  | � çê�Î�dr � v%� ä
� åP| � � ä �  �ë å � åP| � å � | � ä å v | � ��å�� çê�Î�dr �   r ��� v%�a  � | � u ä å
���Î� � � � o�� å r ��� �a @v | � ��å ��å �   � | ä v � v | ì � n �hç Ùh� ã ��� å ��£
�  M� äm�d� � � ä å r ��� �a  zÕ� v � � v od�d� � � ä å �   r ��� v%�k  � | �   Ô å � v |
ì � n v � � v �1� å v � íÛî ��� å �h�

«[¬	­ ®1¯3°4¯6±�²4³:´<µ=¯3³:´,¶@·C¸�s,¯3°[¹�¯3ºB·C¶,±�²3»@­D¯E²FºB·C¼C±�½ ¬�s,¼J¾%¿6À@»DÁ�Â	Â	Ã



ÄI·J³3ÅMÆN°F¯3³EÅ	¶,ÇPµQ·CºB¯RÆNÅ�ÈTÆU­.¼J·CÉ	´XÊZË[¯EÊF¯3³EÊFÅ	²1Ë[¯EÌ�¯3¼JÅ	Í,ºB¯3¶XÊ
Ï ¦§� v ��z �a  r å Ð | � �}å Ð �[� å r ¥���o

ï�ð§ñ@ðIòôóZõ÷ö�ø$ùúñ{ûhõ�ü.ý�õ÷û�ð"ý�þÿù���� ð����$õ�ñ�ù����$ù����Úü	��

�����ªü ò��6ö�ù�� õ����[ð��$õ����.ö@ð��Õð��áùUý�õ��&ö@ò �
ð���ö@ø$õ"!aü#�,þ ð�$1ö�ø[õ&%('*),+ ï�ø[õ%ù��$õ ü�ùúñ©ö�øaü ö©ö�ø$õhü	�$ð��$õ%òFü-�Zõ�ý©ùúñ.![ý�ð"þ"õ-�/��0�ù���ö@ð1� ü	�2�
òúùôö�ö�òUõ30aü#�áñ4�Îõ ü#�@ø5��ð����$õ��Dö@õ-�×ö@ð ü6��ð���� ð��ið��Îö70��1ö�0ªü#� ð�� ö�ø$õ ø$ù������ ðIñ�ödòFü8�Zõ�ý&!2�
ö@ý@ü#�áñ9�Öùúñ�ñ�ùUð�� òúù��[õ�ñÛð:$Bö@ø$õfñ&ü#� õdö@ù�� õ��$õ�òFü-���1ù��;0áòUõ�� õ-��ö@õ-� ð��iù���ö@õ�ý<�ªü ò¤òFü-�Zõ�ýXñ4+
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